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(57) ABSTRACT 

A system and method are disclosed Which provide for 

?exible and accurate test apparatus error value calculation. 

Error value calculation of a testing apparatus requires at 
least one unique measurement for each unknown error value 

using the equation that relates the measured response, the 
predicted response and the error value. When more equa 

tions than unknowns can be acquired, the system of equa 

tions is over-determined and an improvement of accuracy is 

possible, but accuracy may be lost When the predicted 
responses are not trusted to the same degree. The disclosed 

system and method provide the increased accuracy of an 

over-determined system, While accounting for predicted 
responses of varying degrees of trust. 
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SYSTEM AND METHOD FOR DETERMINING 
MEASUREMENT ERRORS OF A TESTING 

DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates in general to error 
value calculation, and more particularly to a device, system, 
method and code for the calculation of systematic errors 
related to device testing that incorporates the accuracy of a 
standard’s predicted response. 

BACKGROUND OF THE INVENTION 

[0002] The accuracy of any test is dependent on hoW much 
is knoWn about the errors associated With the testing system. 
Every testing system has errors that are characteristic and 
unique to that system, and these errors Will contaminate any 
test that is done. This is especially crucial for high frequency 
electrical devices, because systematic errors attributable to 
the testing apparatus can drastically alter the measured 
responses of a device under test (DUT). HoWever, if the 
errors of a testing apparatus are constant, it is possible to 
determine their value. Once the value of these errors are 
knoWn, it becomes possible to remove them from any 
subsequent measurement. 

[0003] For eXample, to properly design and assemble 
electrical netWorks, it is critical to knoW the speci?c char 
acteristics of the constituent devices. A vector netWork 
analyZer (VNA) is used to measure the re?ection magnitude 
and phase of high frequency devices, and this helps design 
ers to minimiZe undesirable re?ections of devices and sys 
tems such as cable TV systems, telecommunication systems, 
and high speed computer netWorks. Inherent to every VNA 
are systematic imperfections in its measurement of device 
response. This means that the actual re?ection magnitude 
and phase of a netWork component is different from that 
Which is measured by a netWork analyZer. But because the 
systematic errors are constant, their value can be determined 
and removed from subsequent measurements. 

[0004] There are many different techniques for determin 
ing the values of a testing device’s error knoWn in the art. 
Likewise, there are many knoWn methods of removing this 
error from subsequent measurements once the error is deter 
mined. Turning again to the VNA eXample, calibration, also 
knoWn as accuracy enhancement, is aWay to improve the 
measurement accuracy of a VNA measurement by measur 
ing the responses of DUTs With knoWn characteristics, 
knoWn as standards, and comparing these measurements to 
the values the standards are knoWn to produce. This is 
generally referred to as vector error calibration. Once the 
error values have been calculated, they can then be math 
ematically removed from the measured response of a net 
Work component. This calibration process is knoWn in the 
art as vector error correction. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention is directed to a system and 
method Which provide for ?exible and accurate test appa 
ratus error value calculation. Error value calculation of a 
testing apparatus requires at least one unique measurement 
for each unknoWn error value using the equation that relates 
the measured response, the predicted response and the error 
value. When more equations than unknowns can be 
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acquired, the system of equations is over-determined and an 
improvement of accuracy is possible. According to one 
embodiment of the present invention a method of testing 
apparatus error calculation measures a response to at least 
one test signal of at least one standard having a predicted 
response to the test signal, the predicted response having an 
assigned accuracy, and generates, for each standard at each 
test signal, an equation for determining a measurement error 
of a testing apparatus from at least the measured response 
and the predicted response, and Weights the equation accord 
ing to the assigned accuracy of the corresponding standard. 

[0006] According another embodiment of the present 
invention, a device for testing apparatus error calculation has 
a means for producing at least one test signal, a means for 
measuring a response of at least one standard to the test 
signal, the standard having a predicted response With an 
assigned accuracy to the test signal,. a means for generating, 
for each standard at each test signal, an equation for deter 
mining a measurement error of a testing apparatus from at 
least the measured response and said predicted response, and 
a means for Weighting each generated equation according to 
the assigned accuracy of the corresponding standard. 

[0007] According another embodiment of the present 
invention, a system for testing apparatus error calculation 
has an element operable to produce at least one test signal, 
a measurement device communicatively coupled to the 
element and operable to measure a response of at least one 
standard to the test signal, Wherein at least one standard has 
a predicted response to the test signal, said predicted 
response having an assigned accuracy, logic communica 
tively coupled to the element and the test device operable to 
generate, for each standard at each test signal, an equation 
for a measurement error of a testing apparatus from at least 
the measured response and the predicted response, Weight 
ing the equation according to said assigned accuracy of the 
corresponding standard, and the logic further operable to 
solve each generated equation and calculate the measure 
ment error using a least squares technique. 

[0008] According another embodiment of the present 
invention, computer executable softWare code for calculat 
ing the measurement errors of a testing apparatus includes 
code operable to generate, for at least one standard at least 
one said test signal, an equation for a measurement error of 
a testing apparatus from at least a measured response of the 
standard and a predicted response of the standard, and 
Weighting the equation according to an assigned accuracy of 
said standard; and code operable to solve each generated 
equation and calculate the measurement error. 

[0009] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present invention in 
order that the detailed description of the invention that 
folloWs may be better understood. Additional features and 
advantages of the invention Will be described hereinafter 
Which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the 
conception and speci?c embodiment disclosed may be 
readily utiliZed as a basis for modifying or designing other 
structures for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. The novel features Which are believed to be char 
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acteristic of the invention, both as to its organization and 
method of operation, together With further objects and 
advantages Will be better understood from the following 
description When considered in connection With the accom 
panying ?gures. It is to be expressly understood, hoWever, 
that each of the ?gures is provided for the purpose of 
illustration and description only and is not intended as a 
de?nition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present 
invention, reference is noW made to the folloWing descrip 
tions taken in conjunction With the accompanying draWing, 
in Which: 

[0011] 
[0012] FIG. 2 is an operational ?oW depicting an example 
of the traditional method of apparatus error calculation; 

[0013] FIG. 3 is an operational ?oW depicting a least 
squares method of testing apparatus error calculation; 

[0014] FIG. 4 is an operational ?oW depicting a Weighted 
least squares method of error correction; 

FIG. 1 is an example vector netWork analyZer; 

[0015] FIG. 5 is a graph depicting the results of directivity 
error calculation using various methods; 

[0016] FIG. 6 is a graph depicting the results of re?ection 
tracking error calculation using various methods; 

[0017] FIG. 7 is a graph depicting the results of source 
match error calculation using the various methods of FIG. 
6; and 

[0018] FIG. 8 is an example apparatus according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] Knowing the value of the errors intrinsic to a 
testing device is critical to the ef?cient and/or accurate use 
of such devices. For example, the actual characteristics of a 
DUT can only be determined if the errors associated With the 
testing apparatus are removed from the measurements taken. 
Among the applications of one embodiment of the present 
invention, and used here by Way of example, is the vector 
error correction of a vector netWork analyZer (VNA). 

[0020] In VNA calibration, one-port calibration determine 
the errors associated With re?ection. There are three sys 
tematic errors related to VNA one-port calibration: directiv 
ity, re?ection tracking, and source match. In VNA one-port 
calibration, the values of these vector errors are calculated, 
and vector error correction removes these errors from sub 
sequent DUT measurements. Traditional one-port vector 
error correction uses three knoWn re?ect standards to 
remove these three systematic errors. With three errors as 
unknoWns, three equations are needed to calculate them. The 
errors are calculated, for each frequency of interest, using a 
system of three equations formed from the measured 
responses of the three standards and the predicted responses 
of those standards. Often, though, no one set of three 
standards is adequate for use over the entire frequency range 
of interest. Thus, additional standards are required so that for 
any given frequency there remains three usable standards on 
Which to base the three needed equations. But even though 
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each calibration standard is typically measured over the 
Whole frequency range, the traditional method uses mea 
surement data for any particular standard over only a subset 
of the frequency range. This leads to a missed opportunity in 
enhancing the characteriZation of the systematic error terms. 

[0021] More modern methods, such as electronic calibra 
tion, use the possibility of measuring multiple calibration 
standards With a single manual connection to a vector 
netWork analyZer test port. These methods provide a better 
estimate of the systematic error terms by measuring addi 
tional calibration standards and applying a standard regres 
sion method to solve the over-determined system. This 
improvement uses more of the data points actually mea 
sured, but still does not take full advantage of the ?ll range 
of possibilities because it requires the accuracy of the 
predicted responses for each calibration standard to be equal 
for optimal results. 

[0022] Thus, there exists in the art a need for a method of 
systematic error calculation that utiliZes all of the data taken 
for the multiple standards, but that does not require the 
accuracy of each calibration standard’s predicted response to 
be equal. 

[0023] One embodiment of the present invention provides 
a method and system that facilitates the use all of the data 
collected regarding the measurement of standards. This 
leads to more accurate error calculation and subsequent 
correction. Turning again to the example of the VNA, the 
three systematic errors related to VNA one-port measure 
ments are determined by solving a system of equations 
derived from the measurement of standards. These standards 
approximate circuit conditions that have responses to dif 
ferent frequencies of test signals that are Well knoWn in the 
art. The equations for the effect of the three sources of VNA 
measurement error are also Well knoWn. It Will be useful to 
disclose the mathematics of this embodiment of the present 
invention by Way of the VNA example. 

[0024] For one port VNA-error correction, the purpose is 
to determine the actual re?ection response of a device under 
test (DUT) by removing from the measured re?ection 
response the portions corresponding to systematic errors. It 
is useful to netWork designers to characteriZe the re?ection 
response of a DUT in terms of its re?ection coef?cient. For 
VNAs, the relationship betWeen the measured re?ection 
coef?cient (Fm), the actual re?ection coef?cient (F3), and the 
systematic errors of directivity (e00), re?ection tracking 
(eloeol), and source match (e11) is given as: 

610601 Fa (0.1) 
1-2111} 

Fm : 200 + 

[0025] Equation (0.1) can be reWritten as: 

[0026] Since there are three unknoWn systematic error 
terms, measurements of at least three calibration standards 
With knoWn re?ection coef?cients are required at each 
frequency of interest. 
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[0027] This procedure can be Written in matrix form as: 

1 rmlral —Fa1 600 rm] (0-3) 

1 rmZ F02 — F02 - 611 = rmZ 

1 rm3ra3 —Fa3 611600 — 610601 rm3 

[0028] The solution is given as: 

600 1 rmlral —l“a1 Tl Fm] (0-4) 

611 = 1 rmZ F02 — F02 - rmZ 

611600 — 610601 1 rm3ra3 —Fa3 rm3 

[0029] In general, for numeric robustness, the calibration 
standards are chosen so that they are distinct from each 

other, and are selected to maximize the difference betWeen 
their re?ection coef?cients. The traditional OSL (open/short/ 
load) vector error correction method measures three knoWn 

standards (open, short, and load). These standards approxi 
mate circuit conditions that result in predictable re?ections 
When tested. When these standards are measured by the 
VNA, the re?ection coef?cients that are measured and the 
re?ection coef?cients that are predicted are used to obtain 

three equations With three unknowns, allowing each of the 
three systematic error terms to be characteriZed at each 
frequency. Open, short and load calibration standards have 
measured re?ection coefficients and predicted re?ection 
coef?cients that are quite distinct over a Wide frequency 

range. 

[0030] Often, hoWever, additional calibration standards 
are necessary to maintain an adequate difference betWeen 
the re?ection coef?cients of the calibration standards. An 
example of this is the use of multiple offset shorts as 
calibration standards. Aset of three offset shorts is inherently 
limited in the frequency range, because at loW frequencies 
their re?ection coef?cients Will not be adequately different. 
In addition, at higher frequencies there are times When the 
phase response of the standards Will be too close for 
adequate separation. 

[0031] In the case of calibrations using a sliding load, 
multiple load standards may be required. A ?xed load is 
typically used to cover the loW frequency range Where the 
sliding load does not Work adequately. At higher frequencies 
the sliding load can provide a much more accurate calibra 
tion standard than a ?xed load. Acalibration procedure often 
used today has a threshold frequency beloW Which the ?xed 
load is used and above Which the sliding load is used. This 
leads to a discontinuity in the calculation of the systematic 
errors that is visible in subsequent error corrected measure 

ments. 

[0032] More modern methods use a least squares solution 
to take advantage of the increased accuracy obtainable With 
an over-determined system. The folloWing matrix equations 
outlines the least-squares procedure: 
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1 rmlral —l“a1 Fm] (0-5) 

1 rmZ F02 — P02 600 PM 

1 rm3 F03 — F03 - 211 : Fm; 

I I I 611600 — 610601 I 

1 Fm” ran — ran Fm” 

[0033] Equation (0.5) can be reWritten as: 

A-x=b (0-6) 

[0034] An optimal solution is given as: 

x=(AH-A)'1-AH-b (0.7) 

[0035] Where AH is the conjugate transpose of A. 

[0036] The least squares solution Works Well When pre 
dicted responses of the standards are all trusted to the same 

degree. That is to say the predicted re?ection coef?cients of 
each standard is knoWn to the same accuracy. This is a 
reasonable assumption for some methods, but is not a valid 
assumption for others. For example, in the sliding load 
calibration procedure described above, the accuracy of the 
predicted re?ection coef?cient for the ?xed load is much 
better than the accuracy of the predicted re?ection coef? 
cient for the sliding load at loW frequencies, and much Worse 
at high frequencies. 

[0037] When one embodiment of the present invention is 
applied to the VNA error calculation example, one embodi 
ment may implement a Weighted least squares solution 
approach that provides an improved method of handling the 
case Where the predicted responses are not all trusted to the 
same degree. If the predicted responses are all independent 
but not equally trusted, an optimal solution is best obtained 
by multiplying each equation by a Weighting factor that is 
proportional to the level of trust associated With the pre 
dicted re?ection coef?cient of a standard at a given fre 
quency. Equation (0.5) becomes 

1 rmlral —l“a1 M (0-3) 
Ff Ff Ff Hi 
i rmZ F02 — F02 E 
0% 0% 0% 600 0% 
i rmZ F03 — P03 611 = Fl 

0% 0% 0% 611600 —@10@01 0% 

1 rmn ran ran rmn 
0'2 0'2 0'2 0'2 

[0038] Where Qi is the Weighting factor for the ith equation. 

[0039] In addition, the predicted responses may not all be 
independent. Strictly speaking, previous methods Would fall 
into this category since all of the internal states are measured 
on a single test system. For this case equation (0.7) Would 
become 
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[0040] Where: 

1 1 1 1 (0.10) 

l l 

0311 03m 

[0041] Where oil-2 is the covariance of calibration standard 
j With respect to calibration standard i. 

[0042] Furthermore, calibration standards may be very 
similar to each other at some frequency. Their Weighting 
factors may be adjusted according to their proximity to each 
other. 

[0043] For the general case, equation (0.10), then 
becomes: 

[0044] Where p1 to pn are proximity factors of the cali 
bration standards. Proximity factors have a maximum value 
of one and a minimum value of 1/(n-2) in this example 
implementation. 

[0045] As an example of one embodiment, FIG. 1A shoWs 
a VNA system 100. This system 100 has a VNA 101 Which 
houses outputs 105 and 107 and display 106. The internal 
signal ports for output ports 105 and 107 are similar. As 
shoWn in FIG. 1B, each internal signal port comprises an 
input port 102, a reference port 103, and a re?ection port 
104. As standards, system 100 has a series of offset shorts 
131-134, an open circuit 110, and a load 120. The standards 
and the DUT 140 are connected to the output ports 105 or 
107. For error correction, system 100 ?rst measures With 
VNA 101 the responses of the open circuit 110, a load 120, 
and each of the offset shorts 131-134 across all of the 
frequencies of interest using detected signals at the re?ection 
port and the reference port. These measurements may then 
be used to calculate the systematic errors of VNA 101 
through the methods depicted in FIGS. 2-4, as examples. 

[0046] The traditional method for vector error correction, 
depicted in the operational ?oW diagram of FIG. 2, solves 
three unknowns derived from three equations for each 
frequency of interest. Operational block 201 indicates the 
measurement of the standard’s responses to the frequencies 
of interest, as described above for FIG. 1A. The traditional 
method requires the selection, at each frequency, of three 
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standards from the measured group that are appropriate for 
each frequency in operational block 202. For example, 
referring to FIG. 1A, for loW frequencies, the open circuit 
110, one of the offset shorts 131, and the load 120 might be 
used to compute the error values. As frequency increases, 
separation among the offset shorts 131-134 Would increase, 
thus three offset shorts (131, 132, 133, for example) might 
be used to calculate the error values. As the frequencies 
increase, some of the offset shorts begin to become coinci 
dent With each other, and it may become necessary to select 
different offset shorts (132, 133 and 134, for example) to 
calculate the error values. When three standards are chosen 
for each frequency of interest, three equations are generated 
in operational block 203, in the manner described for 
equation (0.4) above. These equations are then solved in 
operational block 204. The response of the DUT is measured 
in operational block 205, and the resulting error values are 
mathematically removed in operational block 206. 

[0047] The least squares method of vector error correc 
tion, depicted in operational ?oW diagram of FIG. 3, also 
includes the measurement of each standard 110, 120, and 
131-134, of FIG. 1A, in operational block 301. But unlike 
the traditional method, the least squares method generates 
equations for each standard over the entire frequency range 
in operational block 302. The systematic error values for 
each frequency are calculated in operational block 303 using 
the least squares method as illustrated in equations 0.4 
0.7The response of the DUT is measured at each frequency 
in operational block 304, and the resulting error values are 
mathematically removed in operational block 305. Because 
the system contains more equations than unknowns, 
increased accuracy is typically achieved over the method of 
FIG. 2. 

[0048] HoWever, the predicted responses for these stan 
dards are not equally accurate over all frequency ranges, and 
some error calculation accuracy is sacri?ced as the predicted 
responses for the standards become less reliable. When used 
for the example application of VNA error correction 
described above, one embodiment of the present invention, 
depicted in the operational ?oW diagram of FIG. 4, mea 
sures all standards With the VNA in operational block 401. 
Equations for each standard over the entire frequency range 
are then generated in operational block 402. HoWever, the 
use of the Weighting functions in operational block 403 
causes less accurate predicted re?ections to have a smaller 
impact on the solution. The systematic error values for each 
frequency is calculated using the least squares method as 
illustrated in equations 08-011 in operational block 404. 
The response of of the DUT is measured at each frequency 
in operational block 405, and the resulting error values can 
be mathematically removed in operational block 406. Thus 
the over-determined system retains the increased accuracy 
of the least squares method, but avoids the accuracy loss as 
the predicted re?ections for particular standards become less 
reliable. 

[0049] Examples of such solutions are shoWn in FIGS. 5, 
6, and 7. FIG. 5 shoWs a graph of a simulated solution for 
the directivity error of a VNA. ShoWn on this graph are the 
solutions as found by the original three-equation method of 
FIG. 2, the more modern least squares method of FIG. 3, 
and by an application of the Weighted least squares embodi 
ment of the present invention shoWn in FIG. 4. FIG. 6 
shoWs a simulated solution for the re?ection tracking error 
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of a VNA. ShoWn on this graph are the solutions as found 
by the original three equation method of FIG. 2, the more 
modern least squares method of FIG. 3, and by an applica 
tion of the Weighted least squares embodiment of the present 
invention shoWn in FIG. 4. FIG. 7 shoWs a simulated 
solution for the source match error of a VNA. ShoWn on this 
graph are the solutions as found by the original three 
equation method of FIG. 2, the more modern least squares 
method of FIG. 3, and by an application of the Weighted 
least squares embodiment of the present invention shoWn in 
FIG. 4. 

[0050] It Will be readily apparent to one skilled in the art 
that the embodiments of the present invention can be used 
With any number of standard response prediction techniques. 
In the VNA standard example described above, any of 
techniques commonly used to predict the re?ection coef? 
cient of a standard could be used in embodiments of the 
present invention. An actual response model is the modeled 
response of a speci?c device. For example, the physical 
dimensions of a “short” can be measured and from this an 
actual response model can be created for that short based on 
its physical properties. In the alternative, a nominal response 
model, the modeled response of the average characteristics 
of a device group of the same design, could be used. For a 
group of shorts, the physical dimensions of a plurality of 
shorts are measured and then the average value of each of 
the dimensions may be used to create the nominal response 
model. In addition, for each of the response models above, 
either a data base model or a polynomial ?tted model could 
be created. 

[0051] Alternatively, actual responses, rather than 
response models may be used. These responses are the 
actual measured response of a standard as found by a highly 
trusted source, such as a national laboratory. Instead of 
creating a model based on physical properties, the present 
invention could use the actual electrically measured 
response of a standard for some applications. 

[0052] Certain embodiments of the present invention may 
be implemented as computer-readable code designed to 
accomplish the method described above; the VNA example 
is again useful as an example. The predicted responses of 
standards is easily stored in a computer readable database. 
This format is also convenient for the storage of the Weight 
ing factors associated With the predicted response of a 
standard. In certain implementations, computer code may be 
employed that, When executed, prompts the user to select the 
standards being used for the VNA calculation, and then 
accesses a database containing the predicted responses for 
the selected standards. This application may further com 
prise code operable to store the re?ection responses of the 
standards as they are measured by the VNA. When the VNA 
measurements of the standards are complete, the code may 
execute to generate the equations and calculate the values of 
the systematic errors based on the stored databases and the 
measured values. It Will be appreciated that this embodiment 
of the present invention is not limited to use With VNA error 
calculations, nor is the present invention limited to the steps 
outlined above. 

[0053] When implemented via computer-executable 
instructions, various elements of embodiments of the present 
invention are in essence the softWare code de?ning the 
operations of such various elements. The executable instruc 
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tions or softWare code may be obtained from a readable 
medium (e.g., a hard drive media, optical media, EPROM, 
EEPROM, tape media, cartridge media, ?ash memory, 
ROM, memory stick, and/or the like) or communicated via 
a data signal from a communication medium (e.g., the 
Internet). In fact, readable media can include any medium 
that can store or transfer information. 

[0054] FIG. 8 also illustrates an example system 800 
adapted according to embodiments of the present invention. 
That is, system 800 comprises an example system on Which 
embodiments of the present invention may be implemented 
(such as VNA 100 depicted in FIG. 1). Central processing 
unit (CPU) 801 is coupled to system bus 802. CPU 801 may 
be any general purpose CPU. Suitable processors include 
Without limitation any processor from HEWLETT-PACK 
ARD’s ITANIUM family of processors, HEWLETT-PACK 
ARD’s PA-8500 processor, or INTEL’s PENTIUM® 4 
processor, as examples. HoWever, the present invention is 
not restricted by the architecture of CPU 801 as long as CPU 
801 supports the inventive operations as described herein. 
CPU 801 may execute the various logical instructions 
according to embodiments of the present invention. For 
example, CPU 801 may execute machine-level instructions 
according to the exemplary operational ?oW described 
above in conjunction With FIG. 4. 

[0055] Computer system 800 also preferably includes ran 
dom access memory (RAM) 813, Which may be SRAM, 
DRAM, SDRAM, or the like. Computer system 800 pref 
erably includes read-only memory (ROM) 810 Which may 
be PROM, EPROM, EEPROM, or the like. RAM 813 and 
ROM 810 hold user and system data and programs, as is Well 
knoWn in the art. 

[0056] Computer system 800 also preferably includes 
input/output (I/O) adapter 840, communications adapter 
850, user interface adapter 830, and display adapter 820. I/O 
adapter 840, user interface adapter 830, and/or communica 
tions adapter 850 may, in certain embodiments, enable a user 
to interact With computer system 800 in order to input 
information, such as actual response models for the stan 
dards being measured. 

[0057] U0 adapter 840 preferably connects to storage 
device(s) 841, such as one or more of hard drive, compact 
disc (CD) drive, ?oppy disk drive, tape drive, etc. to 
computer system 800. The storage devices may be utiliZed 
When RAM 813 is insuf?cient for the memory requirements 
associated With storing data for the above described meth 
ods. Communications adapter 850 is preferably adapted to 
couple computer system 800 to netWork 851. User interface 
adapter 830 couples user input devices, such as keyboard 
831, pointing device 832, and microphone 834 and/or output 
devices, such as speaker(s) 833 or printing device 835 to 
computer system 800. Display adapter 820 is driven by CPU 
801 to control the display on display device 821 to, for 
example, display the calculated error values (such as that of 
FIGS. 5-7) found by the method of the present invention. 

[0058] It shall be appreciated that the present invention is 
not limited to the architecture of system 800. For example, 
any suitable processor-based device may be utiliZed, includ 
ing Without limitation personal computers, laptop comput 
ers, computer Workstations, and multi-processor servers. It 
shall also be appreciated that all or some of the elements 
depicted in FIG. 8 may be incorporated With the CPU, into 
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a single stand alone device. Moreover, embodiments of the 
present invention may be implemented on application spe 
ci?c integrated circuits (ASICs) or very large scale inte 
grated (VLSI) circuits. In fact, persons of ordinary skill in 
the art may utiliZe any number of suitable structures capable 
of eXecuting logical operations according to the embodi 
ments of the present invention. 

[0059] It Will be appreciated by one of ordinary skill in the 
art that the code described above could be altered to alloW 
a user to input their oWn data regarding the predicted 
responses of the standards or the accuracy of those predic 
tions. These predicted responses could be in a computer 
readable database, manually entered by the user, readable 
medium (e.g., a hard drive media, optical media, EPROM, 
EEPROM, tape media, cartridge media, ?ash memory, 
ROM, memory stick, and/or the like) or communicated via 
a data signal from a communication medium (e.g., the 
Internet). In fact, readable media can include any medium 
that can store or transfer information. 

[0060] It Will be further appreciated that various tech 
niques noW knoWn or later developed may be included in the 
system for further accuracy. By Way of eXample, the VNA 
Weighted least squares error calculation described above 
may be made a “robust” Weighted least squares error cal 
culation through repeated iterations of the calculation. After 
the error values of a VNA have been determined through the 
described technique, the standards could again be measured, 
and the determined systematic errors of the VNA math 
ematically removed from this neW measurement. This neW 
measurement of the standard can then be compared to the 
original predicted response for this standard. The differences 
betWeen the predicted response and the neW measured 
response can then be used to calculate neW Weighting factors 
for the equations associated With this standard. The effect of 
outlier data points can be minimiZed through this procedure. 
It Will be appreciated that this robust Weighted least squares 
technique is not limited to the VNA eXample, but may be 
applied to all embodiments of the present invention. 

[0061] It Will be apparent to one skilled in the art that 
additional embodiments of the present invention could be 
used to solve the systematic error terms of VNA With 
N-ports Where N>=1 that also include transmission system 
atic error terms, forWard transmission tracking and reverse 
transmission tracking errors. The number of systematic error 
terms is equal to 4*N-1. For a 2-port VNA, 7 systematic 
errors terms need to be determined. Equations 0.5 to 0.11 
may be eXpanded to include the additional error terms, 
measured and predicted calibration standard responses. 

[0062] It Will be apparent to one skilled in the art that an 
embodiment of the present invention may be implemented 
as a group of devices or a single device. For eXample, one 
embodiment of the present invention may be implemented 
as a single VNA apparatus that incorporates the method 
described above and an embodiment of the code or other 
implementation. It Will be apparent to one skilled in the art 
that current VNA test systems can be out?tted With the 
necessary ?rmWare and physical upgrades to utiliZe a 
Weighted least squares calibration technique as Well as being 
upgradeable. 

[0063] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
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herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. Moreover, the 
scope of the present application is not intended to be limited 
to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and 
steps described in the speci?cation. As one of ordinary skill 
in the art Will readily appreciate from the disclosure of the 
present invention, processes, machines, manufacture, com 
positions of matter, means, methods, or steps, presently 
eXisting or later to be developed that perform substantially 
the same function or achieve substantially the same result as 
the corresponding embodiments described herein may be 
utiliZed according to the present invention. Accordingly, the 
appended claims are intended to include Within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 

What is claimed is: 
1. A method for determining the measurement errors of a 

testing apparatus, comprising: 

measuring a response to at least one test signal of at least 
one standard having a predicted response to said test 
signal, said predicted response having an assigned 
accuracy; and 

generating, for each said standard at each said test signal, 
an equation for determining a measurement error of a 
testing apparatus from at least the measured response 
and said predicted response, and Weighting said equa 
tion according to said assigned accuracy. 

2. The method of clam 1 further comprising: 

solving for each generated equation, and calculating said 
measurement error. 

3. The method of claim 2 Where said calculating said 
measurement error uses a least squares technique. 

4. The method of claim 3 Where said least squares 
technique is a robust least squares technique. 

5. The method of claim 2 Where said testing apparatus is 
a Vector NetWork AnalyZer. 

6. The method of claim 5 Wherein the at least one test 
signal comprises at least a plurality of frequencies. 

7. The method of claim 6 With a plurality of measurement 
errors comprising the systematic errors of directivity, re?ec 
tion tracking, and source match. 

8. The method of claim 7 that measures responses of a 
netWork device to the test signals. 

9. The method of claim 8 that removes said measurement 
errors from the measured responses of the netWork device. 

10. A device for determining the measurement errors of a 
testing apparatus, comprising: 

means for producing at least one test signal; 

means for measuring a response of at least one standard 
to said test signal, said standard having a predicted 
response With an assigned accuracy to said test signal; 

means for generating, for each said standard at each said 
test signal, an equation for determining a measurement 
error of a testing apparatus from at least the measured 
response and said predicted response; and 

means for Weighting said equation according to said 
assigned accuracy. 
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11. The device of claim 10 further comprising: 

means for solving each generated equation and calculat 
ing said measurement error. 

12. The device of claim 11 Where said calculating the said 
measurement error uses a least squares technique. 

13. The device of claim 12 Where said least squares 
technique is a robust least squares technique. 

14. The device of claim 11 Where said testing apparatus is 
a vector netWork analyZer. 

15. The device of claim 14 Wherein the at least one test 
signal comprises at least a plurality of frequencies. 

16. The device of claim 15 With a plurality of measure 
ment errors comprising the systematic errors of directivity, 
re?ection tracking, and source match. 

17. The device of claim 16 that further comprises a means 
for measuring a response of a netWork device to said test 
signals. 

18. The device of claim 17 that further comprises a means 
for removing said measurement errors of said netWork 
analyZer from the measured response of said netWork 
device. 

19. The device of claim 18, Where at least the means for 
calculating said measurement errors and said means for 
removing said measurement errors of said netWork analyZer 
from said measured responses of said netWork device is 
computer executable softWare codes. 

20. Asystem that determines the measurement errors of a 
testing apparatus, comprising: 

an element operable to produce at least one test signal; 

a measurement device communicatively coupled to said 
element and operable to measure a response of at least 
one standard to said test signal, Wherein said at least 
one standard has a predicted response to said test 
signal, said predicted response having an assigned 
accuracy; 

logic communicatively coupled to said element and said 
test device operable to generate, for each said standard 
at each said test signal, an equation for a measurement 
error of a testing apparatus from at least the measured 
response and said predicted response; 

said logic further operable to Weight said equation accord 
ing to said assigned accuracy; and 

said logic further operable to solve each generated equa 
tion and calculate said measurement error using a least 
squares technique. 

21. The system of claim 20, Where said least squares 
technique is a robust least squares technique. 

22. The system of claim 20, Where said testing apparatus 
is a vector netWork analyZer. 

23. The system of claim 22, Wherein the at least one test 
signal comprises at least a plurality of frequencies. 

24. The system of claim 23 With a plurality of measure 
ment errors comprising the systematic errors of directivity, 
re?ection tracking, and source match. 
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25. The system of claim 24 Where the measurement 
device is further operable to measure the response of a 
netWork device to said test signals. 

26. The system of claim 25 the logic is further operable to 
remove said measurement errors of said netWork analyZer 
from said measured responses to said test signals of the said 
netWork device. 

27. The system of claim 26, Where at least the said logic 
is computer-readable softWare code. 

28. Computer executable softWare code stored on a com 
puter-readable medium, the code for determining the mea 
surement errors of a testing apparatus, the code comprising: 

code operable to generate, for at least one standard at at 
least one test signal, an equation for a measurement 
error of a testing apparatus from at least a measured 
response of said standard and a predicted response of 
said standard; and 

code operable to Weight each said equation according to 
an assigned accuracy of said corresponding standard; 

29. The code of claim 28 further comprising: 

code operable to solve each generated equation and 
calculate said measurement error. 

30. The code of claim 28 further operable to acquire said 
measured response of said standard to said test signal. 

31. The code of claim 28 further operable to acquire said 
predicted response of said standard to said test signal. 

32. The code of claim 28 further operable to acquire said 
assigned accuracy of said predicted response. 

33. The code of claim 28 Where said code operable to 
calculate said measurement error uses a least squares tech 

nique. 
34. The code of claim 33 Where the said least squares 

technique is a robust least squares technique. 
35. The code of claim 29, Where said testing apparatus is 

a vector netWork analyZer. 

36. The code of claim 35, Wherein the at least one test 
signal comprises at least a plurality of frequencies. 

37. The code of claim 36 With a plurality of measurement 
errors comprising the systematic errors of directivity, re?ec 
tion tracking, and source match. 

38. The code of claim 37 further operable to acquire a 
measured response of a netWork device to said test signals. 

39. The code of claim 38 further operable to calculate an 
actual response of said netWork device by removing said 
measurement errors from said measured response of said 
plurality of said netWork device to said test signals. 

40. The code of claim 39 further operable to acquire data 
relating to said standards from the user. 


